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(54) A gas barrier film 

(57) The present invention provides a gas barrier 
film including a plastic film and a thin film which Is made 
of a composition containing an oxide as a main compo- 
nent and is formed on at least one surface of the plastic 
film. A specific gravity of the thin film is 55% or more and 
1 00% or less of a specific gravity of the oxide in the form 
of a crystal generally present at room temperature and 
under atmospheric pressure. Thus, the invention pro- 
vides a gas barrier film having an excellent gas barrier 
and retort properties and bending resistance; a gas bar- 
rier film suitably used in a wrapping material for dried 
food, liquid food or food containing liquids, frozen food 
and retort food; a gas barrier film that can be used in an 
electronic oven, can be sterilized by micro waves and 
can contain a free-oxygen absorber; a gas barrier film 
suitably used in a paper carton, a tube, a lid and the like; 
and a gas barrier film suitably used for cutting off gas for 
industrial use. 
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Description 
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5 1 . Field of the Invention: 



10 



15 



20 



25 



30 



1 Field OT me mvei mui 

;;;g pSerts and bending resistance (gelbo charactenst.cs). 

2 Description of the Related Art: 

However, the former f ilms have an '"^""''^'f * f " ^^"^e^pra^^^^ markedly low. Moreover, theflms compns- 

orated on a surface of a synthetic res-n. When such a sji^o" ox.a yp _^ ^^^^^^.^ ^^^^ 

can be seen from the outside since it .s ^^nsparent Such a f ,lr^ can d ^^^^ ^ p^,. 

But the above described f ilms have only ^" ^^^^^^ has a relatively excellent gas bamer 

ticular composition, that is. one havng a S.Oy (whe em V " toj^^^ J ^perty and the bending resistance of such a 
property. However, it has a brownish color. In ^J.^.^^^g'SS^^^^^^ not losing a gas barrier property by 

Sn oxide type film are still insufficient ^^^a-^^ ^^^^^^^^ p,,,ng and making bags) or by carel^s^ 

rdrn^oS^^^^^^^^ 

"^-Uese..-OpenPatentPub.icati^^^^^^^^^^^^^^^^ 
.0 J^a?ese Laid-Open Patent Publication ^'^^^^^^^^^^^^ even after a high tem- 

meta's) formed'on a film substrate is known. .^^--^i^J^.-'S^^^^ group consisting of Na. Mg 

closes an M-Si-O type gas barrier film where.n g'l^'^^'^Zs^ ^aid-Open Patent Publication Nos. 61-297134 
K. Ca. Ti. Cr. Mn. Fe, Co. f^i. Cu. Zrv Mo, AQ. m^Sa Sb and ^Jap ^.^^^ ..^pectively However, none of these 

and 61 -2971 37 disclose a MgO-S.Oa type and a ^^9° ^^^^^^^ and a retorting property. 
fiJ^s has a sufficient gas barrier properly, an ..ceHent J^"'^-^ ^^^^^^^^^^ -.^p.ove the bending r^istance and. 

The thin film formed on the plast.c f ,1.11 mu^ be 

lent bending resistance has not been provided. 
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.SUMMARY OF THE INVENTION 

The gas barrier film of this invention comprises a plastic film and a thin film which is made of a composition con- 
taining an oxide as a main component and is formed on at least one surface of the plastic film. A specific gravity of the 

5 thin film is 55% or more and 100% or less of a specific gravity of the oxide in a form of a crystal generally present at 
room temperature and under atmospheric pressure. 

In another aspect of the present invention, the gas barrier film comprises a plastic film and a thin film which is made 
of a composition containing a composite oxide as a main component and is formed on at least one surface of the plastic 
film. A specific gravity of the thin film is 55% or more and 1 00% or less of a specific gravity of the composite oxide. 

10 Thus, the invention described herein makes possible the advantages of (1) providing a gas barrier film having an 
excellent gas barrier and retort properties and bending resistance; (2) providing a gas barrier film suitably used in a 
wrapping material for dried food, liquid food or food containing liquids, frozen food and retort food; (3) providing a gas 
barrier film that can be used in an electronic oven, and can be sterilized by micro waves; (4) providing a gas barrier film 
suitably used in a paper carton, a tube, a lid and the like, or in a bag In which a free-oxygen absorber functions effec- 

15 tively; and (5) providing a gas barrier film suitably used for cutting off gas for industrial use. 

These and other advantages of the present invention will become apparent to those skilled in the art upon reading 
and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Figure 1 is a graph showing results of Example 1 and Comparative Example 1 of the present Invention, having a 
ratio of a specific gravity of a thin film to that of quartz as the axis of ordinates and an oxygen permeability of the thin 
film as the axis of abscissas. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The gas barrier film according to the present invention comprises a plastic film and a thin film formed on at least 
one surface of the plastic film. The plastic film is mainly made of an organic polymer. Examples of the organic polymer 
include polyethylene, polypropylene, polyethylene terephthalate, polyethylene-2,6-naphthalate, nylon 6, nylon 4. nylon 

30 66, nylon 12. polyvinyl chloride, polyvinylidene chloride, polyvinyl alcohol, polyamide imide, polyimide. polyether imide, 
poiysulfone, polyphenyl sulfide, polyphenylene oxide and any kind of aromatic polyamides. Such an organic polymer 
can be used singly or a copolymer or a blend of two or more of them can be used. 

A thickness of the plastic film is preferably 1 to 500 ^m, and more preferably 5 to 300 ^m. 

Moreover, the plastic film can contain a known additive such as a UV absorber, an antistatic agent, a plasticizer, a 

35 lubricant and a coloring agent. When it is used as a transparent gas barrier film, a content of each of the additives must 
be adjusted so that the resultant film has a light permeability of 50% or more. 

The thin film formed on at least one surface of the plastic film is made of a composition containing an oxide as a 
main component. The oxide herein means a compound of a metal, a non-metal or a semiconductor and oxygen, and 
includes a composite oxide. Examples of the oxide include silicon oxide, aluminum oxide, magnesium oxide, calcium 

40 oxide, boron oxide, zirconium oxide, titanium oxide, zinc oxide, strontium oxide and barium oxide. The composite oxide 
herein means a mixture of two or more of the above-mentioned oxides or an oxide containing two or more. metal ele- 
ments. Examples of the mixture of the oxides include a mixture of AI2O3 and Si02. a mixture of MgO and Si02, a mix 
ture of IngOa and SnOa and a mixture of AI2O3, MgO and SiOa- Examples of the composite oxide include an oxide 
containing Al and Si, an oxide containing Mg and Si. and an oxide containing Ai. Mg and Si. 

45 When the thin film comprises a composition containing silicon oxide as a main component, the thin film comprises 
a composition which can contain various types of silicon oxides in which an extent of oxidation of such silicon oxides is 
not limited. Examples of the silicon oxide include SiO. Si02 and the like, and further Include a silicon oxide which is less 
oxidized than SiO. A proportion of such components depends upon the production condition of the thin film. The com- 
position can contain 10% or less of other components unless the characteristics of the thin film are spoiled. 

50 When the thin film comprises a composition containing aluminum oxide as a main component, the thin film com- 
prises a composition which can contain various types of aluminum oxides in which an extent of oxidation of such alumi- 
num oxides is not limited. Examples of the aluminum oxide include AlO. AI2O3 and the like, and further include an 
aluminum oxide which is less oxidized than AlO. A proportion of such components depends upon a production condition 
of the thin film. The composition can contain 3% or less of other components unless the characteristics of the thin film 

55 are spoiled. 

When the thin film comprises a composition containing aluminum oxide and silicon oxide as main components, the 
thin film comprises a composition containing a mixture of aluminum oxide and silicon oxide and the like; a composite 
oxide which contains Al and Si; or a mixture of aluminum oxide, silicon oxide and the composite oxide. Namely the thin 
film comprises a composition which can contain aluminum oxides and/or silicon oxides oxidized to various extents. For 
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l,e oxide conUWng Al and SI ™ condition ol the tt,in fim- A 

dized than SiO or Aia A proportion ol each «>n«»nem ^ „ „^gnt or less, preleraiay 3(K. 

'"-r^teirrr/Sril^nc^^nin^^^^^^^^ 

-roirr-ni^^^rs-orsr^^^ 

example, the thin film comprises a compos.t.on magnesium oxides that are 

the characteristics of the thin film are largely varied. corresponding naturally occurring 
oxide^JJjf^S^i:--^^^^^^^^^ 

nnass oTa reSrencelaterial (i.e., water at a temperature of 4»C) with ^ ,,,,,, ,3 the spe- 

Some o^des have a plurality of ^^e^am^e the specie gravity of silicon 
cmc gravity Of that present a^^^^^^^^^^ 

ity of the thin film in this invention ^.f '^^"^t.* V '^n 1 a^^^^^^^^ S^^' ^V °* '^'^ 

film is stripped oH from the plastic f .Im or the P'«^ ''l* is sunk in a solution with a known 

uous density gradient. ^«.^+;rtr, ^onoraiiv has a lower density, i.e., a lower specific 

The oxide thin film formed on a ^"''^J^*?^;^^^^^^^ used in the evaporation 

gravity than that of a naturally ex.st.ng .^'^ JJ^^fJ,^^^^^^^^^^ and (2) an atomic orientation of 

rthi^r isTstrr^i^braf^ - ^ ^^^'^ 

^-rder^iffif^^S^-specific. 

the specific gravity of the oxide or tf'e^composrte o)ade ,s h^h^^^^ 'he^aS is^ess than 55%. the thin film can 
100% or less, preferably 60 to 95% and most Pf^^^^^J^f ^^^^^e o^^^^^^ ,ow. i.e.. the thin film is coarse. A 

^^z^z:sz o" re^ss-jTaToirr rto-tSx ^ jl ^ ^ 

'^"irtth,n«.co^n3.™.^^«~^ 

rhe«rerr'.'reifr'rf''£.sr^^ 

sufficient gas barrier property to the resultant f.lm When property, especially the 

rt:^e2r^trrs^oo rigid. Thus s^^^^^^^ 

When the thin film ^^-^P-f/, ^^^^^^^^^^^^ and more preferably 

of the thin film .s preferably 2.70 to 3.30 (i.e., 68 to a ot ^"^^^^ « ' ^ structure of the thin film can 

2.80 to 3.20. When the specific gravrty of the ^^^^^^^^^^ gravity of the thin film 

be too coarse to provide a sufficient a^J^^arner pro^^^^^^^ ^.,^P.^ ^ 

■prre^re^^Sr^^^^^^^^ 
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the gelbo treatment because the thin f iim is too rigid. Thus such a film is not suitable for use as a gas barrier film. 

When a composite oxide is a mixture including n kinds of oxides, a specific gravity of the composite oxide is calcu- 
lated as follows: 

Z = a ^X^ + 3 2^2 + + ap^n 
n 
i 

wherein X^, X2, ... and Xp are respective specific gravities of the n kinds of the oxides; and Z is the specific gravity of 
the composite oxide. 

For example, when the composite oxide comprises two oxides, the specific gravity of the composite oxide (Z) is cal- 
culated by the following formula: 

Z = aX+ (1-a)X' 

wherein X and X* are respectively specific gravities of the oxides, a and (1 -a) are proportions of the oxides in the com- 
posite oxide, respectively. 

When the thin film comprises a composition containing a composite oxide of aluminum oxide and silicon oxide as 
a main component, the following formula is satisfied: 

D = 0.01A + b 

wherein D is a specific gravity of the thin film and A is a content (% by weight) of aluminum oxide in the composition, in 
this formula, b is preferably 1 .6 to 2.2. and more preferably 17 to 2. 1 . When b is less than 1 .6. the structure of the thin 
film can be too coarse to provide a sufficient gas barrier property to the resultant film. When b is over 2.2. although the 
gas barrier property of the resultant film after forming the thin film is excellent, the mechanical property, especially the 
bending resistance of the resultant film is inferior and the gas barrier property is largely degraded after the gelbo treat- 
ment because the thin film is too rigid. Thus such a film is not suitable for use as a gas bamer film. 

When the thin film comprises a composition containing magnesium oxide and silicon oxide as main components, 
the following formula is satisfied: 

D = 0.011B + b 

wherein D is a specific gravity of the thin film, and B is a content (% by weight) of magnesium oxide. In this formula, b 
is preferably 1 .6 to 2.3. and more preferably 1 .7 to 2.2. When b is less than 1 .6, the structure of the thin film can be too 
coarse to provide a sufficient gas barrier property to the resultant film. When b is over 2.3. although the gas barrier prop- 
erty of the resultant film after forming the thin film is excellent, the mechanical property, especially the bending resist- 
ance of the resultant film is inferior and the gas barrier property is largely degraded after the gelbo treatment because 
the thin film is too rigid. Thus such a film is not suitable for use as a gas barrier film. 

A thickness of the thin film is not limited to. but preferably 50 to 8000 angstroms in view of the gas barrier property 
and flexibility, more preferably 70 to 5000 angstroms and most preferably 100 to 3000 angstroms. 

The gas barrier film of the present invention is produced as follows: 

The plastic film is obtained as follows: an organic polymer is melt-extruded, and oriented longitudinally and/or per- 
pendicular to the longitudinal direction, if necessary Then the polymer is cooled down and thermo-set. 

The surface of the plastic film can be treated by corona discharge, glow discharge or anchor coating before forming 
the thin film so as to improve adhesiveness to the thin film unless the satisfactory properties of the film of the present 
invention are lost. The plastic film can be further provided with printing and/or decoration. 

The thin film is formed on the plastic film by P VD (physical vapor deposition) such as a vacuum evaporation, a sput- 
tering evaporation, and an ion plating evaporation or CVD (chemical vapor deposition). For example, in the vacuum 
evaporation, evaporation source materials are heated by resistance heating, high frequency heating or electron beam 
heating. When a thin film comprising a composition containing silicon oxide as a main component is formed. Si. SiO, 
Si02 and the like are used as the evaporation source materials. When a thin film comprising a composition containing 
aluminum oxide as a main component is formed. Al, AI2O3 and the like are used as the evaporation source materials. 
When a thin film comprising a composition containing aluminum oxide and silicon oxide as main components is formed, 
a combination of AI2O3 and SIO2, a combination of Al and SiOg and the like are used as the evaporation source mate- 
rials. When a thin film comprising a composition containing magnesium oxide and silicon oxide as main components is 
formed, a combination of MgO and Si02, a combination of MgO and Si and the like are used as the evaporation source 
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,rto dai»ent erudbles o, imo 'J"* ^^'''J.f ' gun (hereinate referred lo as Ihe "EB gun-)^ A 

lerem healing sources- When the heatng sou fe s a„ f^'*^^' J !y 10 to 60 : 10 in the case of usrng Si 
rafro of emission time to respectve source "i^f * '^Tg'' ^T,^ I preferably 10 : 30 to 10 : 60. In the case 
^ SiOa as the source materiais. l"*-,'^^»,f,'j:7„^/,'? nre 5^^^^^^ a con«lnation of MgO and SiO, 
rarnShSorofSS r^orrrir ??efr,™ "to » : 10. ,n .e case Of u.ng A,0. MgO and .0. 

A. in *e i.se of using MgO and SiO.. (mia) in the case of using Si arv. 

The line speed of the plastc fam ;s <«'^';f^^^^ ,„ *e case of using Al and Al^Oa. the rate ,. I=rel- 
SiOs as the »apor«lon source nralenal •> "j^l^^S^Jl, rcontlnatlon AI.O3. MgO and SiO,. the rale 
eraiy, 40 to 1 OO nr/min. In the case of a "''^'J'^^'tS^L r«e is preferably 10 10 200 mMn. In the case 
SSSTarS ro,t:"^:rprAT«.l«in=.e cas. Of . . the high freguency ind„«on 

oration source materials in the electron ^aP°^^ °" ^^T^ and a comttnation of Al^Oa. MgO and SiO^. 

10-5 to 8 X 10-3 Torr. In the case of using a combination of CaO ana a pressure is preferably 1 x 

dJTurerss^^'eSro^a'TerirA^^^ 

thin layers can balamlnatedo, coated «e|«n^n^^^^^^ 

pared noodles; table luxuries such as tea and J°««^^9^^j;^7^ ^3^^ invention can be laminated on various 

As a material for wrapping the dned ^"^^ Sf!^^^^^^^^ °, depend upon characteristics desired by the 

.5 films and/or paper. The kinds of gas '^f '"^^ polyethylene film laminated on a thin film (i.e.. 

content to be wrapped. Typical examp^s induJe « '^^J^^^J^^^ | poVth/eneterephthalate (PET) film as a base 

the oxide film) in a sasbarrierfilm of the present invention c^om^^^ Y ^^.^^ p^^^^t 

filn.; one comprising an unoriented P°'VP^^^";„^''^^^^^^^^^ film and a polyethylene f ilm successively lam- 

invention comprising a PET film as a ^5^"J^^ 'J^°;4?SenL comprising a PET film as a base film; and one com- 

^^^ereZrert^rrrrrb-eirp:^^ 

L like or can be adhered to a flint for decor^n « «J» ^ vaHous pIcMes: mlso: food con- 

«n.^ertSira^s2»£^o|^^^^^^ 

Asamaterialforwrapping the liquid food ojoodfxntam^^^^^ . .^^^^^ ^ ,g^,„ate 

^n^^irS'S-rssrhf^Str 
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film as a base fiim; one comprising an unoriented polypropylene film laminated on the thin film in a gas barrier film of 
the present invention comprising a nylon fiim as a base film; one comprising a polyethylene film laminated on the thin 
film in a gas barrier film of the present invention comprising a PET film as a base film; and one comprising an unoriented 
polypropylene film laminated on the thin film in a gas barrier film of the present invention comprising a PET film as a 

5 base film. The method for laminating these films Is not limited, but a dry laminate and an extrusion laminate are prefer- 
able. Moreover, the gas barrier film can bear a printing, for example, instructions for the use of the contents and the like 
or can be adhered to a film for decoration or as a reinforcing film. 

Furthermore, wrapping bodies can be produced by sticking the gas barrier fiim onto paper and the like and shaping 
It into a desired form. The wrapping body is not limited in its shape. Examples include a bag (Including a pillow type bag. 

10 a paper carton, a three-sided seal bag and a four-sided seal bag), a lid material, a cup. a tube, a standing pack and a 
lidded container. The gas barrier film of the present invention is used as a whole or a part of such a wrapping material 
and a wrapping body. 

The paper carton means a container made of composite paper. The composite paper can be a laminate of the gas 
barrier film of the present Invention on a plastic film and the like. The shape of the paper carton is not limited to but 
15 includes a gable top type, a brick type, a rectangular parallelepiped and a cup-like shape. Such a container may have 
an inner bag or an inlet. 

Examples of contents which can be contained in such a paper carton include drinks such as milk, yogurt, juice, and 
soda drinks; alcohols such as sake and whisky: and seasonings such as soy sause and other sauses. 
Further, the gas barrier film can be used for cutting off gas for industrial use. 

20 

Examples 

The present invention will now be described by way of examples. Each thin film in each gas barrier film obtained in 
examples and comparative examples described below was evaluated as follows: 

25 

(1) A method for measuring an oxygen permeability: 

The amount of oxygen permeated through a film was measured by an oxygen permeability measuring appa- 
ratus (produced by MODERN CONTROLS. INC., OX-TRAN 1 00 (a trade name)) to calculate the amount of oxygen 
permeated per 1 m^ and 24 hours under 1 atmospheric pressure as an oxygen permeability. 

30 

(2) A method for retorting: 

A sample film was allowed to stand at a temperature of 1 20°C for 30 minutes. 

(3) A method for the gelbo treatment: 

35 A sample film with a size of 11 .2 inches x 8 inches was shaped into the form of a hollow cylinder having a diam- 

eter of 3.5 inches. The cylinder was grasped at two positions near the respective ends with an interval of 7 inches 
therebetween by using a Gelbo Flex Tester {MIL-B131H) (produced by RIGAKU KOGYO CO., LTD.). and then 
twisted at a temperature of 20**C under a relative humidity of 65% by 400 degrees so as to make the distance 
between the grasping positions to be 3.5 inches. This action was repeated at a rate of 40 times/min. 

40 

(4) A method for measuring a vapor permeability: 

A vapor permeability was measured in accordance with J IS K 7129. 

Example 1 

45 

Si with purity of 99.99% and Si02 with purity of 99.9% both in the shape of particles with a diameter of about 3 to 
5 mm were used as evaporation source materials. They were evaporated upon one surface of respective PET films 
(produced by Toyo Boseki Kabushiki Kaisha; E5007) with a thickness of 12 fim by an electron beam evaporation (here- 
inafter referred to as the "EB evaporation") to form silicon oxide gas barrier thin films respectively having a thickness of 

so 300 to 1000 angstroms as shown in Table 1 . The evaporation source materials were not mixed but loaded separately 
into a hearth divided into two portions with a carbon plate. The EB gun (hereinafter called the "EB gun") was used as a 
heating source, and the loaded Si and SiOa were heated separately. The thickness of each thin fiim was controlled by 
varying the following conditions within the following ranges: an emission current of the EB gun from 0.8 to 1 .5 A; a ratio 
of emission time to Si to that to SIO2 from 1 0 : 1 0 to 60 : 1 0; a PET line speed from 60 to 1 20 nrVmin. ; and a vapor pres- 

55 sure from 1 x 10'^ to 5 x 10"^ Torr by varying a supply amount of oxygen gas. Under such various conditions, six kinds 
of the thin films as shown in Table 1 were formed on the PET films, respectively, thereby obtaining gas barrier films. 

After dissolving the PET film of each of the obtained gas barrier films, a specific gravity of each thin film was meas- 
ured by the sink and float method. A ratio of the measured specific gravity to that of silicon dioxide (quartz). 2.65, was 
calculated. The amount of permeated oxygen was further measured to calculate the oxygen permeability of each thin 
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film at this point. The results are shown in Table 1 . 
Hnm parati vp F^yamole 1 



10 



Three .ndsot snicon oxide gas barr-erthinfilmswe.^^^^^^^^ 
ar^dSiO, as the evaporation source maten^^^^^^^^^^ 

stroms. A ratio ^^^j^^^P^^^^f ^J^^^^^^^^^ sho^in Table 1 . Each f ilrr, obtained in Comparative Example 1 was 

found to be i^fe'^oMn Srier property, ^^J^^S^^^J^^^^^^^^^^^ 1 as a graph showing a ratio of the spe- 

The results of Example 1 and Comparatn/e ^'^'"P'^J,^^® auartz (i e.. a standard oxide) as the axis 

crfic gravity of each of the obtained siHcon oxide Jarne obtained in Example 1 

of ordinates and the oxygen P«^'^«^'^' 7°V^Lrra rard eJcSen? oxygen gas barrier properties. However, the th.n 
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.with purity Of eS.99%andA,03W.hpuri.ofSa^^^^^^ 
5 mm were used as evaporation ^°-J«^ "^^^ EB evaporation to form aluminum 
(produced by Toyo Bose^ Kabushitd ^^r^' f;tS?i^2^^^^^^ an'gstroms. The evaporation source materials 
oxide gas barrier thin films '^^P^^'^'^ ^^^^^^ a th^c^^^ ^ ^^^^ p,^^^ ^^,3 was used 
were not mixed but loaded seP^^^^f'^ ^ ^^^^^^ The thickness of the thin films was con- 
as a heating source, and the loaded Al and ^^^^ were^^^^^^^ ^^^^^ ^ EB gun from 1 .0 to 2.0 

^■-rrdissoMngthePETfiimofeacnofth^^^^^^^ 

ured by the sink and float method. A ra^.o "^^.T!^ ^ Scl^lSe permeability of each thin film at this point 

amount of permeated oxygen '° ^^^^^^ were not used for the measurement of 

The following experiments were co'^'J^^^" polypropylene film (hereinafter called 

the specific gravity. A wrapping film was obtained by dry lan^r^tin^^ ^x. ^ ^^^^po^ent poly- 

the ^PP film") with a thickness of 60 on 5 minutes) was performed. 

rru^Sf^e^^:^^ 



Example 3 



sure „»m »» ev.P"«l" ,S„ , J™ *e ,a^^^ lo 5000 ms^o^ A ,a«o =1 «.e specillc 

45 pie 2. The results are shown in Table 2. 

CnmpFi^^*'^'=^ Fyample 2 

...inumoxidegasbarrierthinfilmswereform^inth^s^^^ 
as the evapora^on -rce m^^er^.s^^^^^^^^^^^^ ,,3 oxygen permeabil^ 

500 to 1 000 angstroms. A ratio of the sp^^'t'c Q ^ V ^ 2. 

were obtained in the same manner as in Example 2^Tbe results a e s ^^^.^^ ^ ^^^^^ p^^. 

The gas barrier films obtained m Example ^ show^f f'^^^'^^J^?^^^^ treatment for 5 minutes, the films 
meabilityd 3.0 cc/m^ . atm - day or less before the^^^^^^^^^^ 

were excellent in the oxygen barrier property. ^^.'"^ ^^A^^^g oxygen barrier properties after 

less. Furthermore, the gas barrier ^^f^-^^^^^^^^^^^^ Example 2 except that the 

fr:Sre^r.edTrgl^^^^^^^^^^^ 
and were inferior in the oxygen barrier property. 
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Example 4 

Al with purity of 99.9% in the shape of particles with a diameter of about 3 to 5 mm were used as evaporation 
source material. The Al was evaporated upon one surface of respective PET films (produced by Toyo Boseki Kabushiki 

5 Kaisha; E51 00) with a thickness of 12 ^im by the radio frequency (R.F.) induction heating evaporation to form aluminum 
oxide gas barrier thin films respectively having a thickness of 500 to 4000 angstroms under the following conditions: a 
high frequency electric power was 5 kW; a line speed was 20 to 150 m/min.; and a vapor pressure was varied from 1 x 
10'^ to 8 X 10"^ Torr by varying the amount of oxygen gas supply. Moreover, a voltage of -1 kV was applied from a mesh- 
like electrode provided in front of a chill roller (cooling roller). Four kinds of Gas barrier films were obtained by respec- 

10 tively forming the thin films on the PET films. 

Atter dissolving the PET film of each of the obtained gas barrier films, a specific gravity of each thin film was meas- 
ured by the sink and float method. A ratio of the measured specific gravity to that of a-AlaOa. 3.97, was calculated. The 
amount of permeated oxygen permeability was further measured to calculate the oxygen permeability of each thin film 
at this point. 

15 The following experiments were conducted on the gas barrier films which were not used for the measurement of 
the specific gravity. A wrapping film was obtained In the similar method as in Example 2. After the retorting or the gelbo 
treatment was performed, the amount of permeated oxygen was measured to obtain the oxygen permeability. The 
results are shown in Table 3. 

20 Example 5 

Aluminum oxide gas barrier thin film was obtained In the similar manner as In Example 4 except that the vapor pres- 
sure during the evaporation was 1 x 10"^ to 5 x lO'"^ Torr and a cooling temperature of the chill roller was -20*'C to -10**C. 
A ratio of the specific gravity of the obtained thin film to that of a-AlgOg and the oxygen permeability was obtained in the 
25 same manner as in Example 4. The results are shown in Table 3. 

Comparative Example 3 

Aluminum oxide gas barrier thin films were obtained in the same manner as In Example 4 except that an electric 
30 field was not applied during the evaporation by the R.F. Induction heating. A ratio of the specific gravity of each of the 
obtained thin films to that of a-AlgOs and the oxygen permeability were obtained in the same manner as in Example 4. 
The results are shown in Table 3. 

The gas barrier films obtained in Example 4 showed an excellent oxygen barrier property, having an oxygen per- 
meability of 3.0 cc/m^ -atm - day or less before the gelbo treatment. After the gelbo treatment for 5 minutes, the films 
35 were excellent In the oxygen barrier property, having the oxygen permeability raised by about 2 cc/vrP • atm • day or 
less. Furthermore, the gas barrier films obtained in Exanple 4 also had satisfactory oxygen barrier properties after 
retorting. 

The film obtained In Example 5 was excellent in the oxygen barrier property as In Example 4 except that the film 
was subjected to the gelbo treatment. The films obtained in Comparative Example 3 have a lower specific gravity and 
40 were inferior in the oxygen barrier property. 

Example 6 

The following were used as evaporation source materials: MgO with purity of 99.5% and Si02 with purity of 99.9% 
45 (Samples 6-1 to 6-3); CaO with purity of 99.5% and Si02 with purity of 99.9% (Samples 6-4 to 6-6); and AI2O3 with 
purity of 99.5%. MgO with purity of 99.5% and SIO2 with purity of 99.9% (Samples 6-7 to 6-9). All the evaporation 
source materials were in the shape of particles with a diameter of 3 to 5 mm. The evaporation source materials were 
evaporated by the EB evaporation on one surface of respective PET films (produced by Toyo Boseki Kabushiki Kaisha; 
E5100) with a thickness of 12 ^m to obtain nine kinds of gas barrier thin films. The evaporation source materials were 
50 not mixed but loaded separately into different crucibles. The EB gun was used as a heating source, and each evapora- 
tion source material was heated separately. The following evaporation conditions were controlled within the following 
ranges so as to make a composition and a thickness in each thin film uniform: an emission current of the EB gun from 
1 .0 to 2.0 A; a ratio of emission time from 5 : 10 to 50 : 10 (in using two materials), and 10:10: 50 to 50 : 50 : 10 (in 
using three materials); a line speed from 80 to 1 50 m/min.; and the vapor pressure from 1 x 1 0"^ to 5 x 10'^ Torr by var- 
55 ying a supply amount of oxygen gas. Thus, nine kinds of gas barrier films were obtained by respectively forming thin 
films with a thickness of 500 angstroms on each PET film. 

After dissolving the PET film of each of the obtained gas barrier films, a specific gravity of each thin film was meas- 
ured by the sink and float method. A ratio of the measured specific gravity to that of the composite oxide was calculated. 
The amount of permeated oxygen was further measured to calculate the oxygen permeability of each thin film at this 
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point. The results are shown in Table 4. 
r-nm parativ ^ FYamole 4-1 



10 



15 



r.nm parative Fvamoie ^- 1 

^ • c Revreot that the e/aporation source mate- 
Gas barrier thin films were obtained in the same manner as ,nE^^^ 

rials we'eSxil and loaded into one crucible. rfPec^'^f^ ^o, at a constant temperature during the 

rSo of Si02. When an attempt to make a thin f Jm ^.J^^f^J f^^^o^^^^^^^^ a crucible because the vapor pres- 
^"poJion was tried, the resulting thin film had a d^^^^^ 

^^oi each component was different. ^ composhion of the thin f ilm obtained .n the end 

rre«at^s:2=^^^ 

r.nrr.parative Fxample 4-2 ^^nrnres- 
, „ rS/n^ . am. ■ ds„ o. less. Th, .Wn . ms ^'Tf '".^JX^sSde «n 55%. Th. oxy9». P""^- 



gen barrier property. 
25 Pvam ple 7 



30 



35 at 



40 



45 



,o «^ mrr, were used as evaporation source matenals. They w^re ©^^oratea p gtion to form f we kinds 

rprl.uTXS?BoseJabushi^^^^^^^^^^ 

of aluminum oxide-silicon oxide gas barrier thin ^^ora ^ ^^^^^^g g^^^rce. and the 

a ately into a hearth divided into two portions wrth a carbon plate^ The g ^^^.^ 
Sd^ AlpOa and SiOg were each heated separately^ An ^"^^^ of each thin film uniform. A line 

Se^Sied from lo : 10 to 70 : 10 so as '^J^^^^^^Tt^J^^^^^^ °' ""'^^ T S 

speed was 50 m/min. A supply amount ^^'fe^SJ^S J by respectively forming a thin film with a thickness of about 
at -lO-C. Thus, five kinds of gas '^'"^^'•''"^^^'^"^^.^rnS^^^ are shown in Table 5A. 

800 angstroms on each PET film. The con*tons "9 "^^^J^ ^ gravity of each thin film was me^- 

After dissolving the PET film of each of the ^''t^'^f J^^^ic a^^^^^ that of the composite oxide was calculated^ 
uredriesinkandfloatmethod.Aratloofthemea^^^^^^ 

The following experiments were conducted on the gas barney n t^ckness of 40 nm on each thin 

Xgen permeabilty. n« res* are sh<»n In TaMe 5B. 

o»d,«»sono>a*^ba.l^«;™^^ 

„eaH^ of , .0 c«;m= ■ am. • day o, I.SS "^?^/„^p,™ e*llw «is«^ by about 1 cdm^ • am • day «- 

1^99% by weight when an excellent retort property is requ.red. 
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Example 9 

AI2O3 with purity of 99.5% and SiOs with purity of 99.9% both in the shape of particles with a diameter of about 3 
to 5 mm were used as evaporation source materials. They were evaporated upon one surface of respective PET films 

5 (produced by Toyo Boseki Kabushiki Kaisha; E5007) with a thickness of 1 2 by the EB evaporation to form aluminum 
oxide/siiicon oxide gas barrier thin films as shown in Tables 6A through 6D. The evaporation source materials were not 
mixed but loaded separately into a hearth divided into two portions with a carbon plate. The EB gun was used as a heat- 
ing source, and the loaded AI2O3 and SiOg were each heated s^arately. The tNckness of each thin film was controlled 
by varying'the following conditions within the following ranges: an emission current of the EB gun from 0.8 to 2.2 A; a 

10 ratio of emission time to AI2O3 to that to SiOg from 1 0 : 1 0 to 50 : 1 ; a line speed from 1 0 to 200 m/min.: a supply amount 
of oxygen gas from 0 to 200 ccM; a vapor pressure from 1 x 10"^ to 2 x 10"^ Torr; and a cooling temperature of the chill 
roller from -20 to 70°C. Thus, eighteen kinds of gas barrier films were obtained by respectively forming a thin film with 
a thickness of about 400 to 4000 angstroms on each PET film. 

After dissolving the PET film of each of the obtained gas barrier films, a specific gravity of each resultant thin film 

15 was measured by the sink and float method. A ratio of the measured specific gravity to that of the composite oxide was 
calculated. 

Wrapping films were obtained in the same manner as in Example 7. The amount of permeated oxygen at this point 
was measured to calculate the oxygen permeability. Furthermore, after the retorting or the gelbo treatment (for 5 min- 
utes) was performed, the amount of permeated oxygen was measured to obtain the oxygen permeability. The results 
20 are shown in Tables 6A through 6D. 



Example 10 

Aluminum oxide/silicon oxide gas barrier thin films were formed in the same manner as in Example 9 except that 
the vapor pressure during the evaporation was 1 x 10"^ to 5 x lO'"^ Torr and a cooling temperature of the chill roller was 
-aO^'C to -S'^C. The ratio of the specific gravity of each thin film to that of the composite oxide and the oxygen permea- 
bility were obtained in the same manner as in Example 9. The results are shown in Tables 6A through 6D. 



Comparative Example 5 

30 

Aluminum oxide/silicon oxide gas barrier thin films were formed in the same manner as in Example 9 except that 
the vapor pressure during the evaporation was 2 x 1 0'^ to 1 5 x 1 0"^ Torr and a cooling temperature of the chill roller was 
not controlled. The ratio of the specific gravity of each thin film to that of the composite oxide and the oxygen permea- 
bility were obtained in the same manner as in Example 9. The results are shown in Tables 6A through 6D- 

35 The gas barrier films obtained in Example 9 showed an excellent oxygen barrier property, having an oxygen per- 
meability of 1 .0 CG/m^ • atm • day or less before the gelbo treatment. After the gelbo treatment for 5 minutes, the films 
were excellent in the oxygen barrier property, having the oxygen permeability raised by about 3 cc/m^ - atm • day or 
less. Furthermore, the gas barrier films obtained in Example 9 also had satisfactory oxygen barrier properties after the 
retorting. The films obtained In Example 10 were excellent in the oxygen barrier property as in Example 9 except that 

40 the films were subjected to the gelbo treatment. The films obtained in Comparative Example 5 were inferior in the oxy- 
gen barrier property After the retorting, the films were further inferior in the oxygen barrier property 



Example 1 1 

45 MgO with purity of 99.5% and SiOg with purity of 99.9% both in the shape of particles with a diameter of about 3 to 

5 mm were used as evaporation source materials. They were evaporated upon one surface of respective PET films 
(produced by Toyo Boseki Kabushiki Kaisha; E5100) with a thickness of 12 jim by the EB e\^aporation to form magne- 
sium oxide/silicon oxide gas barrier thin films. The evaporation source materials were not mixed but loaded separately 
into a hearth divided into two portions with a carbon plate. The EB gun was used as a heating source, and the loaded 

50 MgO and SIO2 were each heated separately The following conditions were varied within the following ranges: an emis- 
sion current of the EB gun from 1.0 to 2.0 A; and a ratio of emission time from 5 : 10 to 30 : 10. A line speed was settled 
so as to make uniform the thickness of each thin film to be formed. A supply amount of oxygen gas was 130 ccM. A 
cooling temperature of the chill roller was kept at -WC. Thus, five kinds of thin films with a thickness of about 400 ang- 
stroms were formed on each PET film. 

55 After dissolving the PET film of each of the obtained gas barrier films, a specific gravity of each thin film was meas- 
ured by the sink and float method. A ratio of the measured specific gravity to that of the composite oxide was calculated. 

The following experiments were conducted on the gas barrier films which were not used for the measurement of 
the specific gravity Wrapping films were obtained by dry laminating the CPP film with a thickness of 40 ^im on each thin 
film formed on the PET film by using a two-component polyurethane adhesive (with a thickness of 2 ^m). The amount 
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are shown in Table 7. 
5 FYam ple 12 



to 



15 



20 



25 



30 



Example 13 p PET films (produced by Toyo 

shown in Tables 8A and SB. 



r^mparative F-xample 6 amnie 10 except that 

„h,, and .te oxygen barrte, >»^J* «u«. ar/.«=»n In T*l«s 8A 



35 



40 



45 



50 



55 
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The gelbo treatment was performed for 2.5 minutes by using a gelbo tester. Then potato chips were bagged therein, 
and the opening was heat sealed. The bag was allowed to stand in a room at a temperature of 25^*0 with a relative 
humidity of 65% for 6 months. An eating quality test after that time found that the color, taste and dryness of the potato 
chips were not changed. 

5 

Comparative Example 7 

An OPP film bearing a printing thereon was dry laminated on the film obtained in Comparative Example 1 -2 to pro- 
duce a bag with a size of 30 cm x 20 cm. As in Example 15, the gelbo treatment was performed for 2.5 minutes by using 
10 the gelbo tester, potato chips were bagged therein, and the bag was allowed to stand in a room at a temperature of 
25^C with a relative humidity of 65% for 6 months, "me eating quality test found that the potato chips had changed color 
a little, had a slight oxidized flavor, had absorbed moisture and had a less crisp touch. 

Example 16 

15 

A CPP film with a thickness of 40 ^.m was dry laminated on the magnesium oxide/silicon oxide gas barrier film 
obtained in Example 11-2. Paper bearing a lamination of polyethylene thereon was laminated on the other surface of 
the PETf ilm to form a sheet with a structure of polyethylene/paper/MgO-Si02 evaporated PET/CPR The resultant sheet 
was heat sealed to form a paper carton. The oxygen permeability of the paper carton was 0.5 cc/m^ • atm • day, which 
20 is equivalent to that of a conventional paper carton bearing a lamination of an aluminum foil with a thickness of 7 ^im. 
The paper carton could preserve liquid food for 6 months without causing oxidation. 

It was difficult to recycle the conventional paper carton. However, the paper carton of this example could be easily 
recycled to produce paper. 

Various other modifications will be apparent to and can be readily made by those skilled in the art without departing 
25 from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended hereto 
be limited to the description as set forth herein, but rather that the claims be broadly construed. 



Table 1 



30 


Sample No. 


Specific Gravity of Thin 
Rim 


Ratio A* (%) 


Thickness of Thin Film 
(angstroms) 


Oxygen Permeability 
(cc/m^ • atm • day) 




Example 1 : 












1 


1.70 


64.0 


300 


3.0 


35 


2 


1.80 


67.9 


300 


2.8 




3 


1.87 


70.6 


700 


2.0 




4 


1.90 


71.7 


700 


1.8 


40 


5 


2.05 


77.4 


1000 


1.4 




6 


2.12 


80.0 


1000 


1.0 




Comparative 
Example 1: 










45 


1 


1.40 


52.8 


1000 


50.0 




2 


1.35 


50.9 


1000 


50.0 




3 


1.31 


49.4 


1000 


80.0 



* A ratio of a specific gravity of a standard oxide to that of a thin film 



55 
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50 



^""^^ Th-.aness Oxygen Permeability (cc/.- at.- day) 

Specific Ratio A* of ^^^^^ 
Thin Fi 1b Before A' 
Sa.P.e CraviU <-> ,e..rU„.. GC.o Trea,.e.. 

No. 

3. 5 
2. 5 
2. 5 
2.0 
2.0 
2. 1 
2. 3 
2. 3 
2. 5 
2. 6 
3.0 



over** 
over** 

20. 0 
2b. 0 



. . .atio of a specific gravit. of a standard oxide to that 

of athinfil^. ec/.^.at™-day and 

** The oxygen permeability «as aoo 
could not be determined precisely. 



10 


Example 2: 
1 


2. 71 


68. 3 


ouu 


3. 0 


4. 5 




2 


2. 87 


72. 3 


ouu 


2. 0 


2.6 


15 


3 


2. 98 


75, 1 


u u 


2. 0 


2. 4 




4 


2. 95 


74. 3 


1000 


1. 6 


2.0 


20 


5 


3. 02 


76. 1 


1000 


1. 5 


2.0 




5 


3. 15 


79. 3 


1000 


1. 5 


1. 8 


25 


7 

8 


3. U 
3. 22 


79. 1 
81- I 


2000 
2000 


1. 3 
1. 3 


1 5 
1.4 




9 


3. 00 


75. 6 


3000 


1.2 


1.4 


30 


10 


3. 15 


79.3 


3000 


1. 1 


1. 5 




11 


3. 30 


83. 1 


5000 


0. 9 


1.3 


35 


Example 
1 


3 : 

3. 32 


83. 6 


3000 


1. 0 


1-7 




2 


3. 35 


84. 4 


5000 


0. 9 


1.4 


40 


Comparative Example 2: 
1 2.10 52.9 


500 


10. 0 


over** 


45 


2 


2. 15 


54.2 


1000 


10. 0 


over** 



55 
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Table 3: 

Thickness 
Specific Ratio A* of 
Sasiple Gravity {%) Thin Film 



No. (angstroms) 

Example 4: 

1 2. 72 68. 5 500 

2 3. 03 76. 3 1000 

3 3. 18 80. 1 2000 

4 3. 27 82.4 4000 
Example 5: 

3. 40 85. 6 4000 

Comparative Example 3: 

1 2. 08 52. 4 500 

2 2. 16 54.4 1000 



Oxygen Permeability (cc/m^ -atm-day) 



Before After After 

Treatment Retorting Gelbo Treatment 

2. 8 4. 3 3.2 

1. 5 2. 2 2.0 

1.2 1.4 2.4 

0.9 1.4 3.0 

0.7 1.8 over** 

10.0 over** 20.0 

10.0 over** 28.0 



* A ratio of a specific gravity of a standard oxide to that 

of a thin film. 
** The oxygen permeability was about 200 cc/m^*atffi-day and 

could not be determined precisely. 
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Table 4: 








5 


Sample 
-No. 


Composition 


Specific 
Gravity 


Ratio A* 
W 


10 


Example 6: 
1 


(MgO) - (SiOz) 


2. 4 


85. 7 




2 


15 85 
(MgO) - (SiOs) 


2. 1 


75.0 


15 


3 


15 85 
(MgO) - (SiOg) 
15 85 


1.9 






Comparative Example 4-2: 
1 (MgO) - (SiOa) 


1.52 


54.0 


20 




15 85 








Example 
• 4 


6: 

(CaO) - (SiOa) 


^ . 0 *J 


80.0 


25 


5 


40 60 
(CaO) - (SiOa) 


2.12 


72.0 




6 


40 60 
(CaO) - (SiOa) 


1.70 


58.0 


30 




40 60 







35 



40 



45 



50 



Comparative Example 4-2: 
2 (CaO) ' (SiOa) 



1.47 



40 



50 



Example 6: x « 

^ (Al203)-(ME0)-CSiO3) 2.52 

30 10 60 

8 (Al203)-(MgO)-(SiOa) 2*28 

30 10 60 

9 (Al203)'(Mg0)-(Si02) 1-89 

30 10 60 

Comparative Example 4-2: 

3 (M203)-(MgO)-(SiOa) 1-^0 

30 10 60 



50.0 

80.0 
72. S 
60-0 

54.0 



Oxygen 
Permeability 
(cc/m^-atB-day) 



1.0 
1.8 
2.2 

20,0 

2.0 
3.2 
4.0 

80.0 

0.8 
1.2 
2.0 

70.0 



... ^.avity of a standard oxide to 
» A ratio of a specific gravity 

that of a thin filiQ 
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Table 5A 



Sample No. 


Ratio of Emission Time 


Emission Current of 
EB Gun (Ampere) 


Film Advance Rate 
(m/min.) 


Vapor Pressure dur- 
ing Evaporation (Torr) 


Examples 7: 


AloO-5 

'^'2^0 


SiOo 








1 


30 


10 




ou 


ft Y in'^ 

O.O A 1 \J 


2 


40 


10 


o r\ 
d.U 


ou 


ft R V 1 Cl'^ 


3 


50 


10 


2.0 


50 


9.2 x 10'"^ 


4 


60 


10 


2.0 


50 


9.4 x 10-^ 


5 


70 


10 


2.0 


50 


9.6 X 10"* 


Example 8: 














10 


10 


2.0 


50 


8.0x10-'' 


The supply amount of oxygen : 130 ccM 
The temperature of a chill roller : -10**C 



25 



Table 5B: 



30 



35 



40 



45 



Sample Specific Ratio A* Coniposiiion 
No. Gravity 



Example 7: 
1 2. 25 



2. 38 
2. 50 
2. 60 
2. 71 



Oxygen Permeability 
Thickness - After 

of Before After Gelbo 

(%) AlgOa SiOg Thin Film Treatment Retorting Treatment 
(wt!l5) (wt%) (angstroas) (cc/m^ -atm-day) 



72. 3 

72. S 

73. 5 

74. 1 
74. 5 



35 
47 
57 
65 
75 



65 
53 
43 
35 
25 



800 
800 
800 
80O 
800 



0. 4 
0. 4 
0. 4 
0. 5 
0. 5 



0. 6 
0. 5 
0. 5 
0. 7 
0. 7 



1.0 
1.0 
1. 0 
0. 9 
0. 9 



so 



Example 8: 

2.05 



72. 0 



15 



85 



800 



1.0 



30. 0 



1. 5 



55 



* A ratio of a specific gravity of a standard oxide lo that 
of a thin film. 
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40 



45 



SO 
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Table 6B 







Oxygen Permeability (cc/m^ • atm • day) 


5 




Before Treatment 


After Retorting 


After Gelbo Treatment 




Ex. 10-1 


0.5 


0.5 


over* 




Ex. 9-1 


0.5 


0.5 


3.8 


10 


Ex. 9-2 


1.0 


1.1 


1.2 




Ex. 9-3 


1.0 


1.5 


1.2 




Com. Ex. 5-1 


10.0 


over* 


15.0 




Ex. 10-2 


0.15 


0.2 


over* 


15 


Ex. 9-4 


0.2 


0.2 


3.0 




Ex. 9-5 


0.4 


0.4 


1.0 




Ex. 9-6 


0.5 


0.5 


0.9 


20 


Ex. 9-7 


0.9 


1.0 


1.0 




Com. Ex. 5-2 


8.0 


over* 


1 O A 
1 d..\J 




C.X. IVJ-o 


0.2 


0.2 


over* 




Ex. 9-8 


0.2 


0.2 


2.8 


25 


Ex. 9-9 


0.4 


0.5 


0.8 




Ex. 9-10 


0.5 


0.5 


0-9 




Ex. 9-11 


0.7 


0.8 


0.9 


30 


Com. Ex. 5-3 


8.0 


over* 


11.0 



* The oxygen permeability was about 200 cc/m^ • atm - day and could not be. deter- 
mined precisely. 



35 

Table 6C 







Specific Gravity 


Ratio A* (%) 


Composition 


Thickness of Thin Film 
(angstrom) 


40 








AI2O3 (\wt%) 


Si02 (wt%) 






Ex. 10-4 


3.24 


87.4 


80 


20 


4000 




Ex. 9-12 


2.95 


79.6 


80 


20 


4000 


45 


Ex. 9-13 


2.75 


74.2 


80 


20 


2000 




Ex. 9-14 


2.60 


70.2 


80 


20 


1000 




Ex. 9-15 


2.45 


66.1 


80 


20 


400 




Com. Ex. 5-4 


2.00 


54.0 


80 


20 


400 


SO 


Ex. 10-5 


3.38 


86.6 


95 


5 


3000 




Ex. 9-16 


3.05 


78.1 


95 


5 


3000 




Ex. 9-17 


2.80 


71.7 


95 


5 


1500 


55 


Ex. 9-18 


2.65 


67.9 


95 


5 


600 




Com. Ex. 5-5 


2.13 


54.6 


95 


5 


600 



* A ratio of a specific gravity of a standard oxide to that of a thin film 
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10 



15 



20 



Ex. 10-4 
Ex. 9-12 
Ex. 9-13 
Ex. 9-14 
Ex. 9-15 
Com. Ex. 5-4 
Ex. 10-5 

Ex. 9-16 

Ex. 9-17 

Ex. 9-18 

Com. Ex. 5-5 



Table 6D 

Oxygen Permeability (cc/m^ * atm * day) 



Before Treatment 



0.2 
0.2 
0.4 
0.5 
0.7 
8.0 
0.3 
0.3 
0.6 
1.0 
10.0 



After Retorting 



0.3 

0.2 

0.5 

0.6 
1.0 

over* 
0.3 
0.3 
0.8 
1.5 

over* 



After Gelbo Treatment 



over* 
2.6 
1.0 
0.9 
1.0 
12.0 
over* 
1.2 
0.9 
1.1 
15.0 
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A gas barrier film comprising a plastic film and a thin film which is made of a composition containing an oxide as a 
main component and is formed on at least one surface of the plastic film, wherein a specific gravity of the thin film is 
55% or more and 1 00% or less of a specific gravity of the oxide in a form of a crystal generally present at room temper- 
ature and under atmospheric pressure. 
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o?the thin film satisfying the following formulae: 



10 D = 0.01A + b 

1.6<b<2.2 



o'the thin film satisfying the following formulae: 



20 D = O.OlB + b 

1.6<b<2.3 



lilm. 
30 film 



35 



A wrapping maKlal conipnslng the gas ba,« f ilm ^ 

*.:ssrfj=ss:sr.:;sss:sua.----- 



40 Claims 



45 



50 3. 



55 



r^.-srar^s^-----'^^^^^^^^^ 

temperature and under atmospheric pressure. 

"rZ..ac»*.»--«.,n^o.,...=.-.-«.^^^^ 

' ■ ■„„ the aas barrier of anyone of claims 1 to 3 and a heat seal layer formed 

A multilayered gas barrier film comprising the gas barner y 
on the gas barrier film. 

A wrapping material comprising the gas barrier film of anyone of claims 1 to 3. 
A wrapping material comprising the multilayered gas barrier film of claim 4. 



5. 
6. 
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7. A shaped body using the wrapping material according to claim 5 or 6. 
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